Central venous catheter (CVC) depth relative to the cephalic limit of the pericardial reflection (CL PR) was assessed retrospectively in 100 adult patients from chest radiographs taken after admission to the intensive care unit. A well known landmark proved to be considerably influenced by parallax; therefore we located the CLPR by a new landmark, the junction of the azygos vein and the superior vena cava, identified by the angle of the right main bronchus and the trachea. The majority (58) ofCVC tips lay below the pericardial reflection on thefirst chest radiograph (CXR). Of these only two had been corrected by the time of the next routine CXR. No case of cardiac tamponade secondary to erosion by a CVC could be remembered, or identified from records of routine departmental audit meetings, for the last ten years. Nevertheless, reported incidents of this complication have often been fatal and vigilance is necessary in any patient with a CVe.
Audit of a department's practice is a requirement of the Australian and New Zealand College of Anaesthetists and may involve a variety of approaches. I Focused review of selected aspects of clinical practice can be particularly illuminating. Central venous cannulation is associated with a variety of complications, such as trauma to vessels, lung or heart, air embolism, venous thrombosis, arrhythmias and infection. 24 Erosion by cannulae through the superior vena cava (SVC) or right atrium (RA) into the pericardial sac causing cardiac tamponade has been described and has a high mortality (69070 of 49 cases in one review'). Positioning the central venous catheter (CVC) tip superior to the cephalic limit of the pericardial reflection (CLPR-note that the anatomical position is assumed in all descriptions of tip location) might be expected to reduce the incidence of this complication, and has been recommended. 6 The use of a chest radiograph (CXR) to confirm that a catheter tip is indeed satisfactorily located is accepted practice, and its importance was the subject of recent proceedings by the New Zealand Medical Practitioners Disciplinary Committee. 7 The aim of the present study was to audit CVC positioning in the intensive care unit (lCU) of Green Lane Hospital.
Guidelines have been described to assess CVC positioning: Greenall, Blewitt and McMahon suggest that the tip of the CVC should be not more than 2 cm inferior to a line drawn between the lower borders of the medial ends of the clavicles on an erect posterioranterior (PA) CXR 8 (henceforth the "Greenall Criterion' '). However, using this landmark, it soon became apparent that the effect of parallax was introducing errors in assessing the portable anterior-posterior (AP) radiographs usual in our intensive care. A landmark independent of this influence was required.
The pericardium is usually not directly visible on CXR. Its reflection surrounds the SVC as far as the insertion of the azygos vein, 9 but the latter also is not always clearly visible on CXR. However the junction of the azygos vein with the SVC lies in the angle formed between the right main bronchus and the trachea, which is usually visible ( Figure I ). We have not seen this method of assessment of CVC depth described previously, but, as the trachea lies in a coronal plane close to the SVC, the effect of parallax will clearly be much smaller than when the relatively distant clavicular heads are used. In this audit therefore, we assessed the positioning on AP chest radiographs using our proposed right main bronchus/azygos vein landmark (henceforth the "Right Main Bronchus Criterion"). For comparison we also report results based on the Greenall Criterion (noting that our radiographs are AP). 
MATERIALS AND METHODS
Adult patients undergoing cardiac surgical procedures at Green Lane Hospital routinely receive a CVC inserted through an internal jugular vein (usually the right). The vast majority of these are 7.0 French, 20 cm long, polyurethane triple-lumen catheters, inserted by consultant anaesthetists, or by registrars under consultant supervision. Depth of insertion is at the discretion of the clinician. Occasionally, adult patients who have undergone major head and neck surgery are also admitted to the ICU; in these a long-line CVC will usually have been inserted through an antecubital fossa vein. A portable supine AP CXR is taken in all patients on admission to the ICU. This is reviewed at once by resident ICU staff (house officer or registrar). In addition, the surgeon and anaesthetist involved with each case usually review the eXR at their convenience. Further chest radiographs are taken at least daily, more often if clinically indicated.
The chest radiographs of sequential adult patients (i.e. 16 years and older) admitted to our ICU over a period of approximately six weeks in 1993 were reviewed retrospectively. The position of the evc tip on the first eXR taken after admission to ICU was noted; in each case this was compared with that on the next film taken during the patient's routine clinical management to identify how many catheters had been repositioned or removed. If the quality of either of these initial two radiographs was such that determination of the eve tip or the relevant anatomical landmarks was unsatisfactory, that patient was excluded and replaced with the next in sequence until usable data had been obtained from lOO patients.
In each case we assessed the depth of insertion by both the Greenall and the Right Main Bronchus Criteria.
We reviewed notes from the Department of Anaesthesia's routine audit meetings during ten years (1984 to 1993) looking for cases of tamponade secondary to erosion by a CVe. We questioned the consultant anaesthetists and surgeons in our Hospital concerning their recollection of such problems over the same period, and also asked which locations they considered acceptable for eve tip placement.
RESULTS
Six patients were excluded because of poor visualisation of the evc tip or the relevant anatomical landmarks. Ninety-five catheters had been inserted through the internal jugular vein for cardiac operations; five were long-lines inserted from the antecubital fossa for major otorhinolaryngological procedures.
On the first eXR, by the Right Main Bronchus Criterion, 53 tips were in the sve inferior to the eLPR, compared with 58 which were too far in by the Greenall Criterion. Five tips were in the RA. Eight catheters had tips in locations other than the sve or the RA. By the time of the second eXR three lines had been removed; one from the sve inferior to the CL PR, one from the left subclavian vein and one from the left brachiocephalic vein. Using the Right Main Bronchus Criterion, two catheters which had been correctly located had migrated to positions inferior to the eLPR; another had migrated from the sve inferior to the eLPR into the RA; only one incorrectly located evc (in the RA) had been definitively relocated into the sve superior to the eLPR. By the Greenall Criterion, hO\vever, in five further cases previously identified as lying above the landmark, the tip was now below the landmark. No such shift could be seen on these radiographs relative to the right main bronchus. On the basis of radiological judgement this discrepancy was thought attributable to altered parallax between the first and second films. Details are shown in Table I .
In each of 1991, 1992 and 1993, over 1000 patients received a evc in this Hospital (pulmonary artery catheters are counted separately, but in many of these patients a eve is also used so the grand total is not greatly increased). This count is not available for the earlier years, (in some of which slightly fewer patients may have received a eVe), but it seems likely that the total for the period January 1984 to December 1993 would be in the order of 10,000. Notes or records (of variable quality) were available for 974 cases which had been reviewed during routine departmental audit activities during this time. No recognised problem of pericardial tamponade from a CVC erosion could be identified from this source. Similarly, no such case could be remembered within a similar period. Many (not all) senior anaesthetists and surgeons within the unit considered that tip placement in the SVC inferior to the CLPR, or in the RA, was acceptable, citing as justification a low incidence of problems attributable to this factor. In contrast various other complications have been recorded or recalled. Most relevant has been one (nonfatal) haemothorax due to penetration of the upper SVC by a "correctly" placed (left internal jugular) CVe. In another patient, the guidewire of a CVC inserted through a left external jugular vein perforated the innominate vein-the hole was identified and repaired after sternotomy (for cardiac surgery). Other problems have included left ventricular rupture via an accidental cartoid artery puncture, catheter related sepsis, a knotted guidewire (within the patient), subclavian thrombosis, and a variety of arrhythmias. Troublesome bleeding has occurred because of loose connections or, once, because of a misplaced stitch passing through an introducer for a pulmonary artery catheter. CVC dislodgement (including episodes during infusion of inotropes) has occurred. Tissue necrosis in Anaesthesia and Intensive Care, Vol. 22, No. 3, June, 1994 the neck (of paediatric patients) has been seen, and attributed to the infusion of concentrated solutions through lines whose position has become too superficial. Interestingly, an earlier policy of using right atrial lines placed directly at operation for pressure monitoring (even when a CVC was in place) was abandoned after dislodgment into the pericardial cavity resulted in fatal tamponade. In at least two audited cases, it was thought that a CVC (which had not been used) might have helped avert a problem.
DISCUSSION
In five cases, on the initial CXR, assignment of tip position to above or below the landmark differed according to which criterion was used. Our data provide no answer as to which landmark more accurately identified the CLPR in each case, and it may reasonably be argued that catheters in marginal locations should be resited anyway. The Greenall Criterion is well known, and works adequately in clinical practice: nevertheless, it does involve a somewhat arbitrary fixed distance from the clavicular heads, which are relatively remote from and have no intrinsic anatomical relationship with the CLPR. The influence of parallax was considered adequate explanation for the apparent relocation of the tip on the basis of the Greenall Criterion on five follow-up radiographs, in each of which the relationship of the tip to the right main bronchus remained constant. Because of its close physical proximity to the actual feature of interest (the CLPR), our newly proposed landmark should be more reliable, not only with respect to the influence of parallax, but also with respect to changes in posture, and to anatomical variation between individuals. The migration within the SVC of two tips from above and below the CL PR by the Right Main Bronchus Criterion (and of one tip from the SVC into the RA), is consistent with previous descriptions of catheter tip movement of up to 2 cm with internal jugular catheters and up to 7 cm with long lines. 10 We have now adopted this landmark as the anatomically logical way of locating the upper limit of the pericardial reflection on any CXR, AP or PA.
We were surprised to find that two-thirds of these central lines were incorrectly placed by conventionally accepted standards,6 and that only one of 58 with tips inferior to the CLPR had been resited by the time of the second CXR. High rates of CVC misplacement have been reported by others-for example, 24(lJo of 230 intrathoracic insertions (from 266 attempts) terminated in the RA in one study, 11 while in another, 47(lJo of 112 CVC placements terminated in the heart. 12 Only 5(lJo of our catheter tips were intracardiac, with most of our intra-pericardial misplacements being in the SVC, inferior ro the CLPR. Data for comparison are harder to find for this location.
Few of the CVC tips had been repositioned from below the CLPR. This finding is similar to that of McGee and colleagues (that in a subset of 60 patients with follow-up radiographs, 610J0 terminated in the heart on initial CXR and 571Jfo remained in the heart on follow-up films)." We are confident from observing the usual practice in GLH that every CXR would have been viewed by at least one clinician (usually more), and would have been the subject of a radiologist's report. We inferred that tip placement inferior to the CLPR (either in the SVC or in the RA) was seen by many of our senior anaesthetists and surgeons as acceptable. Questioning confirmed this, and the very low incidence of problems attributable to such positioning was cited as justification. Although most authors warn strongly against subjecting patients to the risk of pericardial tamponade, there does seem to be some inconsistency in detail. For example, McGee and colleagues, while warning against placement within the heart, appear to have accepted any position within the SVC, and even commented that catheter tips which enter the right atrium only a short distance might not be associated with increased morbidity or mortality. 12 Peres argued that the "lower SVC close to its junction with the RA" might be safer for many left-sided catheters than a more superior location in which the tips might impinge on the lateral wall of the vessel. 11 In this context, a lateral CXR, 13 or even contrast injection, may be necessary to define CVC location unequivocally, and to determine the angle between the tip and the wall of the vessel. Karnauchow 5 articulated the view which we hold-that no location guarantees avoidance of a vascular erosion,5,IJ other complication,2,J,4,14 or even tamponade (given that catheter tips can move) 10,12 and that clear epidemiological evidence for the general contention that one position is safer overall than another is in fact lacking.
Our audit data are subject to the limitations of any survey dependent on voluntary reporting; nevertheless, tamponade from CVC erosion has been very uncommon. By contrast, other complications have been more prominent, and the possibility of tamponade should be seen in the context of the total spectrum of risk associated with CVC usage. 24 ,14 These observations are consistent with the literature in general, although the reported incidence of tamponade associated with CVC perforation varies,5,14 and probably depends on the specific details of the series. A number of factors may have contributed to the apparently favourable record here. Staff are very familiar with central lines, and problems tend to be identified early; pericardial drains are used routinely after cardiac surgery; pressures are transduced and waveforms are monitored in the ICU for at least the initial postoperative period; the average duration of cannulation is short (about three days); and only infrequently are the catheters used for intravenous feeding. Our results should not be generalised to different settings. In particular, many of the reports of cardiac tamponade relate to parenteral nutrition; the infusion of hyperosmolar solutions over long periods may increase the risk of vessel wall damage 13 and perforation, especially in patients who are starting to mobilise.
Catheter material, dimensions, and design also affect the likelihood of perforation. 4 ,8,1O,15,16 Vascular rupture from a CVC is particularly lethal if tamponade occurs. 2 ,J,5.8,1O,14 As a general recommendation it makes sense to position the tip superior to the CLPR. The use of shorter catheters (i.e. 15 cm for the right internal jugular approach") may help to achieve this more often on first attempt (and right atrial electrocardiography has recently been advocated "). In practice, however, CVC position should be confirmed in all cases by CXR as soon as conveniently possible. In our opinion, clinical judgement should then be exercised. There are situations, such as in a critically ill patient dependent on a functioning CVC for inotropes and monitoring, in which a clinician may justifiably wish to leave well alone. Also, certain exceptions to the general rule may be argued-Peres' view concerning left-sided catheters for example. 11 Informed judgement should not be made subservient to dogmatic protocol, but neither should this caveat serve as an excuse for lack of concern or knowledge. Most importantly, false security should not be derived from "correct" placement. In any patient with a CVC, whether the tip has been shown to lie superior to the CLPR or not, a high level of awareness should be maintained of the infrequent but dangerous possibilities of vessel perforation in general and cardiac tamponade specifically.
